SUMMARY Results of blood pressure (BP) and urinary electrolyte excretion studies are reported among several groups of adolescent and young adult females, both black and white, who were Initially examined in high school and restudied at home 3-4 years later. Pooling of the data from the sereral cross-cectional studies (n = 662) rerealed a weak but statistically significant positive correlation between systolic blood pressure (SBP) and the urinary sodium (Na) excretion rate. Three of four correlations between SBP and potassium (K) were of an inverse nature. Although not statistically significant in their own right, when coupled with the Na/K excretion ratio, which was significantly associated with SBP, a moderating role for K b suggested. The urinary Na, K, and creatinine (Cr) excretion rates were highly intercorrelated and were correlated with weight. As measured by R 1 in a stepwise regression analysis, weight contributed approximately 3% to the BP variance, and the urinary electrolytes accounted for approximately 2% of the SBP variance. Statistically significant partial correlation coefficients between SBP and Na, and Na/K, remained after adjusting for body weight. T HERE is much experimental evidence to suggest that the ingestion of high levels of sodium (Na) may play a role in the genesis of high blood pressure (BP) among several species of laboratory animals. The evidence for such a relationship among human populations, however, is equivocal. Human studies that have tried to show a direct association between urinary electrolyte excretion rates and BP utilizing cross-sectional data have been largely unsuccessful.
T HERE is much experimental evidence to suggest that the ingestion of high levels of sodium (Na) may play a role in the genesis of high blood pressure (BP) among several species of laboratory animals. The evidence for such a relationship among human populations, however, is equivocal. Human studies that have tried to show a direct association between urinary electrolyte excretion rates and BP utilizing cross-sectional data have been largely unsuccessful. 1 "* The strongest evidence for the role of Na intake in the genesis of hypertension is provided by the isolated, primitive, non-westernized populations with low Na and high potassium (K) intake. 87 The possible role of other components of their isolated existence in preventing BP rise with age must be considered. Specifically, all members of the groups reported are small and do not become obese with age. These 8 -• and Dahl et al. 10 have provided evidence for such a protective effect in experimental animals.
The High Blood Pressure in the Young ProgTam has provided an opportunity for us to examine the Na/BP hypothesis as well as to search for associations between BP and creatinine (Cr), urea (Ur), and potassium (K) and their interaction with body weight.
Methods
Our subjects were originally seen in 1965-67 in the schools of Jackson, Mississippi, and surrounding Hinds county. The school survey included 2691 black female students, 98.1% of all enrolled in grades 9-12, and 2644 white females, 96.4% of all enrolled in grades 10-12.
Blood Pressure Measurements
Random samples were drawn from these school cohorts for subsequent studies of BP and environmental variables including the urinary electrolytes; these subsequent studies were carried out between 1967 and 1970. The groups studied are shown in table 1. The studies were of varying duration ranging from a single overnight urine collection and three BP measurements to six 24-hour urine collections and 24 BP measurements.
During the cross-sectional studies of 1968-70, BP measurements were obtained in the subject's home with a standard sphygmomanometer. The pressures were taken on the right arm with the subject seated. An adult arm or a thigh cuff was used, as appropriate under the guidelines of the American Heart Association at that time. The pressures were taken by medical students specifically trained for each study by the persons who had done the original school survey; in all, 12 medical students were involved. Observer variability was measured by direct observation and by using stethoscopes with multiple earpieces and the film of Wilcox. 11 The mean of the BP measurements on each person is used for this report.
The baseline urinary electrolyte excretion rates obtained in the cross-sectional studies were the result of the analysis of overnight and 24-hour urine collections. The overnight portion or first morning voiding (ON) was collected in a separate container, and the time started and ended was recorded. The two specimens, overnight (ON) and rest of the 24-hour (R-24), were returned to the laboratory where the volume was measured and aliquots poured off for analysis and frozen storage. Lab Stix were used to measure pH, glucose, acetone, and protein. Sodium and potassium were measured by flame photometer (Instrumentation Laboratory, Inc.). Creatinine (Cr) was measured by the method of Hare, 11 and Ur by autoanalyzer (Technicon Instruments Corporation).
From the hours, volume and concentration, urinary excretion rates per hour for each solute were calculated separately for the ON and R-24 collections. The total 24-hour (T-24) excretion rates were calculated by combining the data for the two collections. The excretion rates used for this analysis were the mean rates for each individual, i.e., mean of 1, 3, or 6 days of collection.
In all field studies, weight has been measured using portable bathroom scales with the subject clothed, except for shoes. The scales were calibrated weekly using scale testing and calibrating weights.
Statistical Analysis
All analyses have been made on an IBM computer utilizing the Statistical Analysis System (SAS). Reported here are means and standard deviations, partial and product moment correlation coefficients.
Results
Of the 1370 subjects selected for study, 686 persons participated in one or more of the studies, 104 (7.6%) were excluded because they were pregnant, 189 (13.8%) refused to participate, and 391 (28.5%) were away at the time of the respective studies. The studies that required prolonged participation had the higher refusal rates.
Eight participants were excluded from the analysis because of incomplete participation, i.e., only 1 or 2 days of the 6-day study, and one subject was excluded because of abnormally high values in the overnight collection that we presume reflects a longer period of collection. The ON excretion rates per hour for the excluded subject were as follows: Cr = 192.1 mg, Na = 23.2 mEq, K = 4.1 mEq, all values that exceed 3 SD from the mean and that probably are not biologically sound. Inclusion of this subject increases the correlation coefficients between SBP and Cr, Na, and K. No subjects were excluded from this analysis on the basis of minimum requirements for Cr or the other electrolytes. Fifteen participants were excluded from all analyses because they were taking medication to reduce their BP at the time of their participation.
The number of subjects included in the various analyses and thus shown in tables 2-7 varies according to the urine specimen under study, n = ON s 660, and T-24 s 445, except for Ur where n = 285 and 208 respectively. Small deviations from those numbers oc- cur in some analyses because of missing values on one or more variables. All urinary excretion rates presented are those per hour of collection. For Na and K, the rates are presented as mEq/hr while for Ur and Cr the units are mg/hr.
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The number of observations, the BP mean and standard deviation, weight, and the urinary solutes are provided in table 2 separately for blacks and whites. The blacks had significantly higher SBP, 116 vs 109.1 mm Hg, p < 0.001, than the whites and excreted more Na, 4.2 vs 3.2 mEq/hr ON, p < 0.001, and 4.7 vs 4.1, T-24, p < 0.01, and had significantly higher Na/K excretion ratios, 5.0 vs 3.9 ON, and 4.1 vs 2.9, T-24, p< 0.001. There was no difference in weight or diastolic blood pressure (DBP) between the two groups.
In the 1968 study of sibling pairs, where those who were pregnant were excluded from the study, the participants differed from the nonparticipants on variables related to socioeconomic status, i.e., less education of parents, more children in the family, and higher SBP as measured in the school survey. A similar trend was noted among the other groups, though the disparities were not significantly different at the 5% level. The participants in the subsequent home studies involving black females differed from the entire school group with respect to BP with differences in SBP of 2.1 and 2.8 mm Hg and in DBP of 1.7 and 3.5 mm Hg respectively, the participants having the The relationships between the urinary solutes Na, K, Cr, and Ur, and SBP and DBP, were examined in each of the individual studies. Only in the 1968 study did the correlation coefficient between Na and SBP approach significance, r = 0.089, p = 0.09. This was observed for the overnight urine collection. In none of the individual studies was there a significant association between K and BP, though the Na/K ratio was associated with the DBP in the 1968 study, r = 0.109, p < 0.05. In all groups there was a significant association noted between body weight and BP, both SBP and DBP.
The product moment correlation coefficients between BP and the urinary solutes are shown separately for blacks and whites in table 3. There was a significant association between the ON Na and SBP and the ON Na/K ratio and the DBP among the blacks.
For the follow-up examination of these participants of former studies, as a part of our current High Blood Pressure in the Young investigation, the previous data were combined in a single composite computerreadable tape using the mean for each individual for BP, and the urinary solutes. Product moment correlation coefficients between BP, Na, K, Cr, and Ur were recalculated for each of the individual studies, and these coefficients were examined for homogeneity." After no differences were found among the correlations involving specific electrolytes and BP, the data were combined or pooled for analysis. The T-24 urea coefficients, did differ at the 5% level of significance so Ur was omitted from the stepwise regression and the partial correlation analyses, but Ur was included in the product moment correlation analyses.
Product moment correlation coefficients were calculated between each of the urinary solutes and SBP and DBP on the combined or pooled data (table  4) . Positive and statistically significant associations were observed between SBP and Na (r = 0.135) and the Na/K ratio (r = 0.101) in the ON urine, and between SBP and Na (r = 0.099), Na/K (r = 0.163), and Cr (r = 0.097) in the T-24 urine collections. The ON Na/K ratio was marginally associated with DBP 
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(r = 0.073, p = 0.06). Body weight was significantly correlated with both SBP and DBP, the coefficients being 0.191 and 0.168 respectively.
Each of solute variables was significantly related to weight. All of the urinary excretion variables studied were significantly intercorrelated with the r ranging from 0.4 to 0.8 (coefficients not presented).
Stepwise regression analyses were run on the pooled data (table 5) . The relationships between SBP and DBP (as dependent variables) and the urinary solutes and body weight (as independent variables) were examined. In all of these analyses, body weight was the first independent variable selected for inclusion into the regression model; it accounted for 3.4% and 3.9% of the SBP variance and 3.0% and 2.7% of the DBP variance. The order in which the solutes were brought into the model varied from analysis to analysis. Inclusion of all ON electrolytes into the model accounted for an additional 1.7% of the SBP variance and an additional 0.8% of the DBP variance; similar contributions were observed when all 24-hour electrolytes were included instead of the overnight.
As another way of assessing the weight and solute relationship, each of the solute excretion rates was divided by body weight and entered into a product moment correlation matrix along with SBP and DBP. Only K/wt was significantly related to BP, r = -0.200 with SBP. When the electrolyte/weight variables were entered into the stepwise regression program, these variables accounted for less of the variance than did weight alone.
To adjust for the association with body weight, the partial correlation coefficients between each of the ON solute variables and SBP and DBP were calculated adjusting for body weight (table 6 ). There was a significant correlation between Na and SBP after adjusting for weight, rxy.z = 0.109,^ = 0.005 (n = 665), and xy.z = 0.088, n = 623. In addition, the coefficient for Na/K and SBP was significant at the 5% level, rxy.z = 0.089. The coefficient for K was marginally related to DBP after adjusting for weight rxy.z = -0.067, p = 0.09. A high degree of intercorrelation among the solute variables was still evident after adjusting for body weight.
The partial correlation coefficients adjusted for weight between BP and the T-24 hour solutes are given in table 7. Potassium (rxy.z = -0.097) and the Na/K ratio (rxy.z = 0.157) were related to SBP. The coefficient for K and DBP, although practically identical to that for the ON (rxy.z -0.069 and -0.067), was not significantly related to DBP because of the smaller number of observations (436 vs 623). The coefficient for Na and SBP was somewhat lower in the T-24 analysis (rxy.z = 0.067 vs 0.088) and was not significant.
Discussion
There was a weak but statistically significant correlation between SBP and the urinary Na, and Cr excretion rates as well as the urinary Na/K ratio, when data from four groups of adolescent females were pooled. A somewhat stronger correlation was observed between both SBP and DBP and weight. The product moment correlation coefficient between the DBP and the urinary Na/K ratio approached statistical significance. The urinary excretion rates of Cr, Na, and K were related to each other and to weight.
When these data were subjected to stepwise regression analysis, weight was selected into the regression model before any of the urinary solutes and accounted for approximately 3% of the variance of both SBP and DBP. Though the solutes are related to weight as well as SBP, there remained a weak but statistically significant association between SBP and the urinary Na excretion rate and the urinary Na/K after adjustment for body weight. After adjustment for weight the inverse partial coefficient between SBP and K approaches significance.
From the above, we conclude that there is a weak but discernible association between SBP and the urinary excretion of Na, K, and the Na/K ratio, over and above the mutual association with weight.
Though there was no difference in weight between the groups of black and white females studied, the blacks excreted 14% and 32% more Na and 5% and 25% less K than the whites, ON and T-24 respectively, and the blacks had higher SBP than the whites. This suggests that Na and K intake may play a role in generating the BP disparities between the races.
The correlation of the Na/K ratio with BP is positive; the correlation of K with BP is negative. These data are compatible with the studies of Meneely et al. 8> • and Dahl et al. 10 showing that a protective influence of K is exerted on Na-produced high BP in rats, and with our data showing a BP drop produced by K ingestion.
14 Potassium presumably acts as a natriuretic agent. Furthermore, we note that the percentage difference in K excretion between blacks and whites studied is twice as great as the difference in Na excretion.
The significant correlation between BP and Cr disappeared when adjusted for weight. It is likely, therefore, that Cr excretion, known to reflect muscle mass, has no primary relationship to BP.
The similarity in results between the overnight and T-24 urinary excretion rates is compatible with and would tend to reaffirm our earlier studies"-lB and those of Pietinen et al.
17> 1S on the usefulness of ON urines in studying electrolyte-blood pressure relations.
Why did we now find a significant correlation between SBP and the electrolyte excretions when we and the vast majority of other investigators in the past have failed to find such a relationship? Two reasons could be advanced for this reversal; 1) an increased sample size, and 2) a greater diversity or heterogeneity among the participants with respect to BP and electrolyte excretion rates, both as a result of pooling the data from several study groups. The similarity of the correlation coefficients in the individual study groups and the reduction in the magnitude of the coefficient required to be statistically significant with increased sample size both suggest that the increased sample size as a result of pooling the data may be an important contributor to now finding positive associations.
That the coefficients are somewhat larger in the pooled data than were observed in the individual studies is compatible with an increased heterogeneity among the population on the variables under study. Inclusion of both blacks and whites increases the diversity among the population, as noted for SBP and for Na and K excretion rates. Although the coefficients observed in our analysis are smaller than those observed by Pietinen et al. 18 when they specifically selected their study population for variation in electrolyte excretion, the results arc still compatible with theirs. They also included both blacks and whites in their study population. The populations studied by Morgan et al. 19 and Dahl 20 in which a positive BP/Na association was found would also appear to include diverse segments of the population.
Pietinen et al. also noted a strong association with a positive family history of high BP and a diminution of the BP/Na association with the inclusion of subjects with a negative family history. Our study populations were not selected on the basis of family history, and the inclusion of a large number of subjects with a negative history would tend to dilute the association if family history is an important contributor to such associations. The calculations of Liu et al." would suggest that the coefficients observed here are underestimates of the strength of the association because of the large intraperson variability of both BP and electrolyte excretion rates resulting in a need for 14 or more urine collections on each person. The number of collections in our study varied from 1 to 6, which therefore would tend to underestimate the true association. In the individual studies the correlation coefficients increased with each succeeding day of collection, i.e., from 0.09 for first day to 0.119 for 6 days for SBP vs T-24 hr Na in Group B. We do not think the association would be as strong, however, as that reported by Joossens et al." They divided their population into 20 equal BP groups and calculated mean Na excretion rates and entered the 20 BP means and 20 Na means into the regression, a maneuver that we think overestimates the strength of the association. Use of their approach on our population yields an r = 0.589 between SBP and Na rather than the r = 0.135 obtained by entering all pairs of observations, a fourfold increase in the resulting coefficient.
We conclude that in a relatively diverse population there is a weak but discernible association between SBP and the rate of excretion of urinary Na. This is a positive association, i.e., the higher the Na excretion rate, the higher the BP. There is, in addition, a discernible association between SBP and the rate of excretion of urinary K. This association, shown through a negative coefficient for K and a positive coefficient for the Na/K ratio, suggests a moderating or protective role for K. The data suggest that a portion of the disparities in BP between black and white populations may be related to differences in electrolyte intake.
